explain the inevitability of the LL relationship for asteroid diameters, although the physical processes that they invoked were admittedly not realistic. The underlying assumption was that in an asteroid-asteroid collision all of the kinetic energy is utilized in the complete pulverization of the entire smaller body plus some fraction of the larger body.
The products of pulverization undergo no subsequent collisions, and only one body, the undisturbed fragment of the larger asteroid, remains to interact with yet another asteroid. Considerable mathematical simplifications yield an asymptotically LL distribution of asteroid masses wLich is then superimposed on a planet, leading to a LL crater size-frequency distribution.
The authors invoked this model because they could find no method to describe the size-frequency distribution of the fragments resulting from such collisions. Kolmogoroff (1941) considered the problem of the observed log-normal (LN) size-frequency distribution of comminution products. He made two assumptions about the breakage process and an asymptotically log-normal size-frequency distribution function resulted from his analysis. The -4-assumptions are (a) in any interval of time all bodies have an equal probability of being broken, and (b) the fracti ,)nal sizes of the products are random and independent of the past history of the bodies. These postulates may not be the only ones that lead to a LN size-frequency distribution, but the assumptions are physically plausible for asteroid-asteroid collisions.
Observations of the statistical distribution of large craters on Mars verify the LN nature of the size-frequency distribution and are therefore consistent with Kolmogoroff's model (Woronow, 1975) .
THE DATA SET
Unless specifically stated otherwise, all analyses will employ a data set consisting of nearly 10,000 martian craters in a latitude band from +650 (North) to -650 (South), and with diameters in the range 10 to 250 km. These craters were hand-measured on US.GS quadrangle. maps. refined to either the controlled or semi-controlled level. All data were stored by 5 0 latitude x 50 longitude blocks on a PDP-11/DEC tape file, and processed with a PDP-11 computer. For comparative purposes, Figure 1 shows the data plotted on loglog axes in a manner analogous to that suggested by K. L. Jones (1974);  and it agrees well with the data set which he presents. This plot would commonly be interpreted as consisting of two straight line segments of the form LOG (crater density) = m • LOG (crater density) + b
.which intersect at approximately 20 ^m diameter: the large craters lying along a -3 slope (m = -3), which is presumed to represent the form of the initial distribution, and the small craters lying approximately along a -2 slope, considered an effect of erosion (e.g. Hartmann, 1973) . Saturation in the 10-250 km diameter range is not 4 problem (Hartmann, 1973, Figure 3 ).
i -5-NATURE OF THE LOG-NORMAL DISTRIBUTION FUNCTION
Undoubtedly, the wide acceptance of the LL based analyses is due in part to the graphical ease and mathematical simplicity it offers. An understanding of the LN distribution function's properties, origins, and uses is essential if the analytical techniques are to be grasped intuitively. Only the most salient points are summarized in this section; a thorough treatment can be found in Aitchison and Brown (1973) ; also Epstein (1947) presents a helpful review of Kolmogoroff's paper on breakage products.
Curve A in Figure 2 is a LN frequency curve. For any value of the abscissa the curve represents the frequency of occurrence of that value. The distribution has been normalized so that the area under the curve equals unity. ' (i.e., any sampled value of the variate has a probability of one that its value will lie between zero and plus infinity).
For crater statistics, the LN distribution has two important differences from the LN distribution: (a) because the area under the LN curve can be normalized, the total number of craters is necessarily finite. (The LL relationship, in its broadest interpretation, predicts an infinity of craters).
(b) At zero diameter the number of craters goes to zero in the LN model but not in the LL model. In both respects the LN distribution corresponds more closely to physical reality. Figure 2 is a normal or gaussian curve. To transform a LN frequency curve to a gaussian frequency curve, one need only take the logarithm of the abscissa values and plot the resultant values against their normalized frequencies. Following this transformation, the full power of the techniques designed for the analysis of gaussian data, including the F-test and t-test, are available for comparing one population to another 
Curve B in

LOG-CUMULATIVE FREQUENCY PLOT
The log-cumulative frequency plot is a graphical convenience whereon LN populations appear as straight lines. (In this study the term "population" refers to the entire range of information, zero to plus infinity, while the term "data" refers to the information in the range actually sampled. The term "transformed", preceding either "data or "population", means that the logarithm, base 10 in this study, has been taken). An especially useful property of the log-cumulative frequency plot is that it does not display crater der sity. ( Crater densities and crater density differences are still important parameters, but they can be.analyzed independently). Figure 4 has the same 10,000 craters that are shown in Figure 3 , along with two other lines consisting of 509 and 5% of that data selected randomly. As long as the data are drawn from the same population, they will graph nearly identically. Only the probable errors associated with the mean and standard deviation of the transformed data change with the size of the data set; that is to say that the estimators of the mean and standard devia--9-tion are consistent. Figure 5 is the corresponding Ll. version of Figure 4 .
The same data are in both of these figures, but the crater density differences attract the eye in Figure 5 , and the fact that the samples are all drawn from the same population is difficult to see. In this artificial case, one knows the adjustment factors (x2 and x20) that would shift the 50% and 5% curves back to coincidence with the 100% curve. In practice though, if two surfaces had different crater densities, one would not know which curve to adjust nor by how much. A further benefit of analysis based on the log-cumulative frequency plots is immediately apparent: reconnaissance surveys of regional population parameters can be quickly accomplished by randomly selecting a.
relatively small portion of tfe entire crater population available and measuring and testing only those selected craters. However, one must be able to accept the larger uncertainties associated with the smaller sample sizes in order to gain a more rapid analysis.
TESTING THE ALTERNATIVE MODELS Figure 2 illustrates that a large portion of the transformed data plots on a straight line. This strongly suggests that a LN model is appropriate.
However, at small diameters the line turns downward, and off the top of this plot one would find that the line turns upward. Both of these curved segments are largely due to truncation effects associated with the 10 and 250 krneiameter limits, although at least some of the deviation at the small diameters may well be due to erosion of craters with diameters less than 20 km.
In order to explain the more rigorous statistical tests that verify the log-normality of the data, we must use a mathematical model appropriate to a doubly truncated log-normal distribution.
where D is the crater diameter, u is the transformed population mean and a is -10-The probability that an observation, X, will be less than or equal to
.O if there were no truncation of the population.
Let D1 be the minimum diameter and D2 be the maximum diameter considered,
The probability distribution function for the truncated LN distribution is then
In order to determine if the data can be satisfied by a doubly truncated log-normal model, as given in Equation 3, we must first determine values of u and a which are appropriate to the transformed population. Two techniques have been used to accomplish this. The simplest is devised for fitting data to doubly truncated normal distributions from knowledge of the first and second moments about the lower truncation point (Cohen, 1950) . The second method is slightly more flexible and not as sensitive to non-random errors;
it is a nonlinear regression by least squares on Equation 3.
In either case, once the values of u and a are estimated, the test of Kolnogoroff and Smirnoff (Massey, 1951; Miller and Kahn, 1962) and allows free: Pdjustment of the surface resolution. Figures 11 through 14 display some of the results-of this procedure. When a violation of the limits occurred, the computer placed a dot in the center of the square where the analysis was initiated, and drew a box around the area included in the statistical test.
As explained in the figure captions, one can display areas violating either the upper or the lower bounds over any crater diameter range and at any confidence level. The meanaering lines in these figures (modified after Carr, et al., 1973) separate the plans units (predr-:nantly of volcanic origin) from the cratered units. The Ronan Numerals used in the remainder of the paper will refer to the regions designated cn figures 11 through 14+.
Having located the abnormal regions, comparison of their data by nonparametrical techniques can proceed. The method for comparing the data mean values is Fisher's randomization test as described by Snedecor and Cochran (1973) .
Comparison of the data standard deviations is with the Miller Jackknife test as described by Hollander and Wolf (1973) . This is a very severe depletion, judging from the 9 a crater density difference with Region I. In addition, Region VII indicates that the northwest portion of
Region VIII also has a relative overabundance of craters in the mid-diameter The crater data (10-250 km diameter) used in this paper as they appears when plotted on log-log axes in a manner analogous to that suggested by K. L. Jones (1974) . In comparison to the line of -3 slope, the dataere gently, but continuously, bending. The three curves represent 100%, or all 10,000 craters, and 50% and 5% selected at random from the total data set. Because crater densities are not displayed on a log-cumulative frequency plot, the fact that all three data sets were drawn from the sane population is Irmediately apparent. These data sets are repeated on log-log axes in Figure 5 . Figure 5 : The three curves represent 100%, or all 10,000 craters, and 50% and 5% selected at random from the total. Crater density differences are apparent, but the fact that all three data sets are drawn irom the same population is difficult to recognize. These same three data sets are on log-cumulative frequency axes in Figure 4. -29- Figure 6 :
The Kolmogoroff-Smirnoff 95% confidence limits appropriate to a log-log distribution model (with a constant g ope of -3) and a log-normal distribution model (with u = 1.228 and a -0.335 as determined by a least squares fit to the 10-250 km diameter data) compared to the crater data over the range 10-250 km diameter.
The LN model provides a good fit to the data but the LL model does not. 
